INTRODUCTION
It is generally known that the gas-producing anaerobic spore forming bacteria (ASFB) are the main responsible of the defect called late blowing in hard cheeses. Late blowing can lead to off-flavors and excessive gas formation in cheese, due to bacteria ability to convert lactic acid into butyric acid, hydrogen, and carbon dioxide at relatively low pH.
Moreover, spores of anaerobic bacteria survive milk pasteurization and pass unaffected into cheese. Among ASFB, Clostridium tyrobutyricum is particularly associated with late blowing during the ripening process of hard-cooked-cheeses 1 but also other Clostridium species were found responsible for the problem, e.g. Clostridium sporogenes, Clostridium beijerinckii and Clostridium butyricum.
2,3
The late blowing is a relevant defect of Grana Padano PDO cheese production:
15% -35% of total production showed this problem 4 and to inhibit late blowing of cheese the addition of lysozyme to the vat milk (20-30 ppm) is allowed in Grana Padano production. 5 The threshold value of spore concentration in milk causing late blowing is between 600 and 1000 most probable number (MPN) L -1 6 but some authors 4 reported the problem also with a value lower than 100 MPN L -1 . The average concentration of spore in milk produced in Lombardy (North Italy) was 220 MPN L -1 in
2013.
F o r P e e r R e v i e w 3 important to determine the spore content of the forages fed to cows but information about concentrations of butyric acid bacterial spores in farm-scale silages is still rather scarce. 8 It is well known that high concentrations of ASFB are associated with anaerobic instability of silage: the creation and maintenance of anaerobic conditions in ensiled forages are important to prevent the growth of aerobic microorganisms but, in practice, exposure of silage to air is unavoidable. The growth of clostridia takes place during the acidification phase at the beginning of silage process 9 and continues during the storage period when small amounts of air can penetrate into the silage, for instance, because silage covers (usually plastic sheets) are not completely airtight. 7 When silage is exposed to air, oxygen penetrates deeply into it, and aciduric aerobic organisms (e.g., yeast) consume oxygen and the substances that inhibit the clostridia growth, i.e., organic acids produced by bacteria anaerobic fermentation. The consumption of both acids and oxygen leads to the development of micro-niches with less inhibitory activity, which might allow the growth of clostridia. 10 In the Po valley corn silage, the main forage used in the total mixed ration (TMR) of dairy cow, has high quality for ensiling because of its relatively high DM content, low buffering capacity, and adequate levels of fermentable sugars. 11 Corn silage cores usually contain less than 3 log 10 MPN g -1 of butyric acid bacteria spores 9, 12 but as demonstrated by Vissers et al. 1 spore concentration is significantly higher in corn silage surface layer than in the core. The same authors concluded that on Dutch farms, corn silage was a more important source of ASFB contamination in milk than grass silage.
Although a simulated model proposed by Vissers et al. 7 demonstrated that silage contamination is the main source of spore milk content, other identified sources are soil, feces and bedding materials. Spores survive the passage through the digestive tract of the cows and are excreted with the feces. A direct relation between spore content in feces and in milk was obtained by Nadeau et al. 13 The same authors also associated the The aim of this study is to determine the most important risk factors (feeding and management practices) that affect milk and cheese spore contamination in dairy farms.
MATERIALS AND METHODS

Farm characteristics
A total of 23 farms were chosen from 400 farms belonging to the same milk cooperative in Lombardy, in the North of Italy and their total production was destined to produce Grana Padano PDO cheese. The choice of the 23 farms was based on the following criteria: location in the flatland; lactating cows housing in cubicles; herringbone milking parlour; herds with >50 milking cows; feeding systems based on TMR with or without herbage silages.
Each farm was visited once during the summer 2012 and a questionnaire was filled out to collect information on milking parlour, milking routine, TMR composition, crop characteristics. Information about milk yield and quality of each farm was provided by the milk cooperative. Bulk milk was refrigerated at 11°C after the two daily milkings, following the indication of Grana Padano PDO production rules. 19 Extracts from fresh samples of silages were prepared and pH was measured. Silage samples were also analyzed for lactic acid and volatile fatty acids 20 and ammonium-N by direct distillation and titration using a Kjeltec 2300 analyzer (Foss Analytical A/S, Hillerød, Denmark).
Sampling and analyses
Samples were analyzed in situ for rumen NDF digestibility at 48 h (NDFD) according to Spanghero et al. 21 . Energy value of forages was calculated by NRC 22 equations.
Bulk milk was sampled from the tank at the end of the evening milking the day of the visit, the samples were transported to the laboratory under refrigeration (4°C) no later than 12 h from collection, and immediately subjected to chemical and microbiological
analysis.
For microbiological analysis forage samples were chopped for 1 min in a sterile homogenizer, then (10 g) suspended in a 1:10 peptone salt solution (PPS; 1 g of bacteriological peptone and 9 g of sodium chloride per liter), and homogenized twice for 2 min at maximum speed using a Stomacher (BagMixer 400, Interscience). The raw milk samples were analysed directly.
Gas-forming anaerobic spores and propionibacteria were determined in forage samples. 
Cheese production
The farms were divided into two groups (HIGH and LOW) on the basis of the spore forming count in milk and the threshold value used to divide the bulk milk was 2.5 log 10 MPN L -1 . The milk of the two groups was separately collected and within each group it was used for two different Grana Padano cheese production with and without the addition of lysozyme.
Grana Padano cheese was made with milk partially skimmed by natural creaming process. The milk was transferred to copper bell-shaped vats containing 1000 L and a natural whey culture was added as a starter. Milk was then heated to 32 °C, calf rennet was added. The resulting curd was broken up into small granules to the size of grains of rise after 10 min from the rennet addition; it was then cooked by increasing the temperature to 54-55 °C in about 10 min and constantly stirred. The broken curd was then left to rest maintaining the temperature at 53 °C for 60 min. The cheese mass was then cut in two wheels and transferred into traditional moulds for 2 days, salted in brine for 22 days and ripened at 15-22 °C .
Sixteen cheese wheels were obtained: 8 with milk of HIGH group (4 with lysozyme and 4 without addition) and 8 with milk of LOW group (4 with lysozyme and 4 without addition). The presence of Clostridium species and anaerobic spore content in cheese samples were determined as previously described. X-Ray analysis was performed for cheese wheels produced with and without the addition of lysozyme from HIGH and LOW milk group. X-ray analysis, commonly used in dairy plants to detect defects due to bacterial fermentation in Grana Padano cheese, was performed at 7 months of ripening following the indications of the Quality control handbook of the cheese plant.
Statistical analysis
Bacterial counts were expressed as base 10 logarithm, for statistical analysis.
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JSFA@wiley. 34 who found that the dairy farms which used an accurate milking routine produced milk with the best microbiological quality in terms of standard plate count, propionibacteria and coliform count.
Cow hygiene, in particular of the udder, influenced milk ASFB content as found by some authors. 7, 13 The presence of more than 40% of animals with dirty udders in farms increased the average ASFB contamination of milk by 15%. All the tested species were detected in milk samples. .
Milk and cheese quality
The ASFB content in milk was 3.14 and 2.33 log 10 MPN L -1 respectively for the HIGH and the LOW groups. The characteristics of the farms belonging to the two groups are showed in propionibacteria and CC were significantly higher in LOW group but not significantly.
The milk of LOW and HIGH farm groups was separately collected and cheesemaking trials were carried out in a cheese factory that usually produces Grana Padano cheese.
The milk of each group was further divided into two halfs: in one half lysozyme was added into the vat (25 mg /L -1 ) while no addition was done in the other one. After 7 months of ripening, even if spore count was below the analytical limit (<30 MPN g -1 ), in all the experimental cheeses both in HIGH and LOW group, the prevalence of Cl.
tyrobutyricum was highlighted, by DNA assay, only in cheeses produced without lysozyme, both in LOW and HIGH groups. Cl. tyrobutyricum outgrowth and butyric acid fermentation were confirmed by X-Ray analysis evidencing late blowing defects. It is worthwhile noting that widespread blowing was significantly lower in cheeses produced with the LOW group milk (Figure 2 ).
CONCLUSIONS
The study underlines the relation among forage quality, dairy farm management practices and milk and cheese ASFB contamination. The main risk factors which increase milk spore contamination were spore content of corn silage, scarce cow udder hygiene and inadequate milking routine (lack of forestripping and predipping procedures). The presence in the TMR of herbage silages (107 g kg -1 DM on average), did not affect significantly milk spore contamination. In Grana Padano cheese Cl.
tyrobutyricum was highlighted after 7 months of ripening only in the wheels produced without addition of lysozymebut the spore caused late blowing only in the wheels produced without addition of lysozyme, confirming the effectiveness of this additive in preventing spore outgrowth by clostridia.
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